Structural elements of coordination mechanisms in collaborative planning processes and their assessment through maturity models: Application to a ceramic tile company 
Introduction
Collaborative planning (CP) can be defined as a joint decision making process for aligning plans of individual Supply chains (SC) members with the aim of achieving a certain degree of coordination [1] . Coordination means identification and classification of existing interdependencies [2] . Different coordination processes manage different types of interdependencies. Coordination should be considered different from integration, coordination takes the target for granted and integration often involves determining this target simultaneously with the aligning of allocation decisions [3] . Generally, the execution of process depends on proper information management. Coordination mechanisms in SC should be tools by which, every member of a SC can achieve more benefits. Thus, organizations need to develop strategically aligned capabilities not only within the company itself, but also among the organizations that are part of their value-adding networks. Additionally, processes are now viewed as assets requiring investment and development as they mature. Thus, the concept of process maturity is becoming increasingly important as firms adopt a process view of the organization [4] .
Maturity Models (MMs) describe the evolution of a specific entity over time. MMs have been developed to assess specific areas against a norm. The entity, collaboration level, in a SC can evolve over time, and MMs can show and measure this evolution. They can offer benefits to Structural Elements (SE) of Coordination Mechanisms (CM) (hereafter SECM). The main objective in the application of MMs is to assess organizations to know their maturity level with respect to a set of best practices, in this case SECM. MMs are based on the description of processes that must be implemented to achieve the level of excellence corresponding to the maximum level of maturity. Achieving each level of maturity enables an incremental and lasting improvement in performance [5] . MMs can be used as: snapshot, a representation of the as-is situation (i.e. an evaluative and comparative basis for improvement); recommendation for action (i.e. in order to derive an informed approach for increasing the capability of a specific area within an organization), instrument for controlling (i.e. measuring the success of an action) [6] . According to Santos et al. [7] a MM should serve as an assessment tool to evaluate the maturity of different organizations not only in terms of interoperability but also collaboration capabilities per se. This assessment could be Keywords:
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Maturity is defined as a measure to evaluate the capabilities of an organization in regards to a certain discipline. The Collaborative Planning Process is a very complex process and Coordination mechanisms are especially relevant in this field to align the plans of the supply chain members. The objective of this paper is to develop a maturity model and a methodology to perform assessment for the Structural Elements of Coordination Mechanisms in the Collaborative Planning Process. Structural elements are specified in order to characterize coordination mechanisms in a collaborative planning context and they have been defined as key areas to be assessed by the maturity model. The identified structural elements are: number of decision-makers, collaboration level, interdependence relationships nature, interdependence relationships type, number of coordination mechanisms, information exchanged, information processing, decision sequence characteristics and stopping criteria. Structural elements are assessed using the scheme of five levels: Initial, Repeatable, Defined, Managed and Optimized. This proposal has been applied to a ceramic tile company and the results are also reported.
performed by an external auditor or carried out by the target organization through self-assessment. In both cases the fulfilment of certain practices will be evaluated.
The objective of this paper is to develop a maturity model for the structural elements of coordination mechanisms in the collaborative planning process (SECM-MM) to be aware of the current situation and identify the next steps to improve the process.
The paper is structured as follows: firstly, Section 2 characterizes the different maturity model on process development, interoperability and collaboration, and business and IT strategic alignment, Section 3 defines the structural elements of collaborative planning coordination mechanisms; Section 4 proposes a MM for the structural elements of coordination mechanisms in the collaborative planning process and a methodology for its development and application; the MM describes the best practices that correspond to each maturity level. Section 5 shows the application to a ceramic tile company and the results obtained. The findings of the proposal are depicted in Section 6 and finally, the conclusions and future research lines are given in Section 7.
Characterization of different maturity models
A MM is a framework that describes, for a specific area of interest, a number of levels of sophistication at which activities in this area can be carried out [8] . Maturity as a measure to evaluate the capabilities of an organization in regards to a certain discipline has become popular since the Capability Maturity Model (CMM) proposed by the Software Engineering Institute at Carnegie Mellon University [9] . Whilst the original CMM has a specific focus on the evaluation of software development processes, this model has been modified and extended to different approaches and it is now applied for the evaluation of IT Infrastructure Management, Enterprise Architecture Management and Knowledge Management, to name a few.
Many authors in the field of SC management have demonstrated the existence of links between maturity levels and SC performance [4, 6, [10] [11] [12] .
The MMs analyzed have been: The capability maturity model (CMM) [9, 13] , business and IT alignment is Luftman's maturity model [14] , ICoNOs maturity model [15] , Levels of Information Systems Interoperability' (LISI) [16] , EIMM [17] , Supply Chain Management Maturity Model, SCM-MM [4] , SCOR MM [11] , ECMM [8] , Paché and Spalanzani [18] and MMEI [19] .
CMM: The capability maturity model (CMM) has been developed to present sets of recommended practices in a number of key process areas that have been shown to enhance softwaredevelopment and maintenance capability. The Software CMM has been retired in favour of the CMM Integration (CMMI) model. CMM introduced the concept of five maturity levels defined by cumulative requirements.
Luftman's Maturity Model: It discusses an approach for assessing the maturity of the business-IT alignment.
IcoNOsMM: The structure of the IT-enabled Collaborative Networked Organizations MM (ICoNOs MM) is based on CMMI, the relationship of network organizations are studied in perspective of business-IT alignment (B-ITa).
LISI defines five levels of interoperability relating the kinds of systems involved in the interoperability process.
EIMM deals specifically with enterprise assessment, which mainly concerns the organizational barriers to interoperability. The method defines a set of areas of concerns and a set of maturity levels that provide the means to determine the current ability of an enterprise to collaborate with external entities and to specify the path to improve this ability.
SCM-MM conceptualizes how process maturity relates to the SCOR (Supply Chain Operations Reference) framework; the five stages of maturity show the progression of activities towards effective SCM and process maturity.
SCOR MM: The maturity classification proposed in the SC Operations Reference (SCOR) model relates to companies' ability to manage the full scope of a SC.
ECMM identifies four maturity levels related to the enterprise collaboration.
Paché and Spalanzani have proposed five levels of maturity built around inter-organizational SC relationships, including any relevant societal aspects.
MMEI Maturity Model for Enterprise Interoperability: It discusses how the MMEI model can be used to help enterprises evaluating the suitability of partners in an interoperability context. It also explains how sources of interoperability problems could be identified early during the design phase and so, could be solved before interoperability occurs.
CMM model is process oriented but not specify for the collaboration aspects in an inter-organizational context. The MM proposed by SCOR is limited to inter-organizational aspect of a specific chain and does not specify multi-chain aspects such as the collaboration processes or resource sharing, neither the social dimension and the necessary collaboration with territories. The model proposed by Paché and Spalanzani includes both societal and multi-chain perspectives [5] . LISI, EIMM and MMEI tackle the enterprise interoperability assessment from different point of views: LISI is mainly oriented to a technological perspective in enterprise interoperability; EIMM focuses on the common understanding of the enterprise artefacts needed to achieve interoperability on the different levels (understanding and relating different enterprise models, defining cross-organizational business process models, agree on service interfaces over which the partners communicate and exchange messages). MMEI is centred in the Interoperability barriers (conceptual, technological and organizational) and the enterprise concerns (business, process, service and data). The assessment in enterprise collaboration is covered by ECMM, it focuses on different disciplines that an organization can address to improve its business in a networked environment. Regarding business and IT strategic alignment, Luftman's MM is mainly directed to an individual company whereas IcoNOsMM is focussed to network organizations.
All MMs have common characteristics: the definition of key areas or domains to be assessed and the maturity level for each key area or domain. According to this point, we propose the definition of the maturity meta-model (Fig. 1) . The maturity assessment represents a picture at a certain point in time. At that moment, the domain or key area will be assigned to a maturity level and only one. Table 1 shows a review of different MMs according to different characteristics (1) Origin of the Model, (2) Domains or Key areas and (3) Maturity Levels. Origin of the model refers to the area to Fig. 1 . Maturity meta-model. which the model is addressed, domains or key areas refer to the different elements to be assessed through the maturity levels. The result of the assessment gives the organization an image of where they are and where they must go. The interpretation of each maturity level will be different for each key area or criterion. This rating system will help the entity to assess their level of maturity. The analyzed models nearly match in maturity levels; they are all based on the CMM levels. However, we must emphasize that the domains or key areas where they apply these models are different because the measure target is different. No results were found about MMs applied to SECM in collaborative planning processes. To fill this gap a MM for the SECM is proposed in Section 4.
SECM will be described in the next section. These elements will correspond with the Domains or Key areas to be assessed.
Structural elements of the coordination mechanism definition (SECM)
In a collaborative distributed context there are different decision-makers that should share some information. Additionally, in case negotiation exists, decision-makers should make several decision cycles involving repetitive sequence of decisions until a stopping criterion is achieved. In this situation, the knowledge about the process results essential. Indeed, different authors [20] [21] [22] [23] strength the importance of analyzing the collaboration under a process perspective. These CP processes are specifically designed for particular situations being necessary a generic approach that help in the definition, characterization and analysis of CP processes in general. In this sense, Alarcó n et al. [24] conclude that a process will be defined when the answers to the following questions are known: (a) What activities are to be carried out? (b) Who is responsible to carry them out and with what? (c) When and how are they to be carried out? (d) The process inputs, (e) The process outputs, (f) The process objectives, and (g) The performance indicators.
Through the CP process approach it is possible to implement the coordination mechanisms that link the SC members' plans. In this sense, Gaudreault et al. [25] consider that the coordination mechanisms states how the SC members' relationship is operationalized (e.g. rules and protocols to exchange information, which decisions must be taken, by whom and when). Schneeweiss [26] affirms that the coordination mechanisms for Distributed Decision-Making systems in a two-level hierarchical environment are: anticipation, instruction and reaction. Arshinder and Deshmukh [27] categorize the supply network (SN) coordination mechanisms into four classes: SN contracts, Information Technology, Information Sharing and Joint Decision Making. Li and Wang [28] affirm that a coordination mechanism for a decentralized SN system should include at least three components: (i) an operational plan to coordinate the decisions and activities of SN members, (ii) a structure to share information among the members, (iii) an incentive scheme to allocate the benefits of coordination so as to entice the cooperation of all members. Stadtler [1] states that the interaction between the parties involved in a CP scheme can be documented by a protocol defined by the following structural elements: the incorporation or not of a mediator, the initial solution, the number of rounds and the number of offers to be exchanged (stopping criteria) and the final results SN members can expect. In the context of agent technology applied to CP, Forget et al. [29] present the main characteristic of automated negotiations (collaboration level, number of participants, number of issues, decision sequence and learning ability), decision mechanisms that can be followed by agents (game theoretic negotiation, argumentation-based negotiation, auctions and heuristic based negotiation). Forget et al. [30] propose an approach that breaks from the hypothesis that planning must always be conducted in the same way. By using multi-behaviour agents they propose to provide planning agents with the ability to adapt their planning behaviours according to changes in the environment.
The structural elements help to characterize coordination mechanisms in a collaborative planning context. The identified elements are the following:
(1) Number of decision-makers [1, 29, 31] : it makes reference to the number of supply chain members that are either under the responsibility of a SC planning domain at a certain planning temporal level or should coordinate and integrate the different plans of other decision makers (a mediator). It is of relevance the distribution of the decision-makers along the SC tiers and the number of decision-makers in each one. The most common situations discussed in the literature [30] are centred on a two tier SC and are the following: one-to-one, one-to-many and many-to-many negotiations. (2) Collaboration level [26, 29, 31, 32] : it represents the degree of interest in decision makers' performance vs the SC performance as a whole. The situations under which a specific mechanism should be employed and their characteristics should be specified. (ii) Not pre-defined (learning ability): the decision-makers have the ability to acquire experience from previous negotiations (i.e. they are able to adapt their strategies with changing opponents, topics, concerns and user preferences) and to adapt to the context. They can modify their local planning behaviours and/or in concordance with the rest of the decision-makers. (6) Information exchanged [1, 26, 29, 31, 32, 34] : for each coordination mechanism the information exchanged between the decision-makers can make reference to SC attributes and decision-makers' outputs: (a) SC attributes: they consist of known characteristics of the planning SN elements and their environment (demand forecasts, capacity of facilities, operating costs, incentives, penalizations, etc. [34] : the exchanged information for each coordination mechanism could be incorporated in different ways by each decision-maker. Part of the share information can be simply evaluated by other decision-makers (i.e. an ordered pattern can be evaluated by a supplier to know the value of his performance criteria when he does not deviate from the buyer pattern). Other exchanged information can be incorporated in the planning problem of a decision-maker by affecting his decisional space (introduction of constraints) and/ or his criteria (penalizations or incentives for deviating from a constraint) (8) Decision sequence characteristics [1, 29] : it allows define how the coordination mechanisms will be managed.
(a) Beginning of the coordination mechanism: for each coordination mechanism it is necessary to specify when beginning (period, event-driven or a mixed), and how beginning (initial solution by upstream planning, downstream planning, random, by a coordinator, etc.) (b) Sequence of decisions: the order in which the different decision-makers act and the decisions simultaneously made by different SC members should be specified. (9) Stopping criteria [1, 26] : in case negotiation exists, the conditions for ending a coordination mechanism could be defined in terms of number of rounds, limited time and the achievement of a determined aspiration level related with the final results the SC members can expect.
The proposed structural elements are strongly related with the collaborative planning process. The number of decision-makers is related with the activities developed in the process identifying who is in charge of them. The collaboration level depends on the information exchanged, the objectives and the performance indicator of the supply chain. Interdependence relationship nature can affect to when and how the decisions are taken, and can also exist predominant criteria from a supply chain member imposing their objectives or performance indicators. The type or interdependencies influence when and how decisions are taken (spatial or temporal) and the exchanged information detail. The number of coordination mechanism affects mainly to the number of activities defined, specially decisional activities, and it must be taken into account that different coordination mechanism can have different objectives and performance indicators. The decision process can be affected by the exchanged information process. The characteristics of the decision sequence are related with the activities of the process, the person in charge of them and when and how are executed. Finally, stopping criteria are related to the activities in the process, performance indicator associated and when and how are executed.
This analysis shows the impact of the coordination mechanisms on the CP process facilitating its properly understanding and representation. This is, indeed, the first step and constitutes the basis to either totally or partially automated the process (e.g. through agent technology) or to develop decision support tools for each SC member, (e.g. mathematical programming models).
Once these structural elements have been conceptualized we describe the maturity model.
SECM-MM. Maturity model for the structural elements of coordination mechanisms in the collaborative planning process
A methodology has been used to define the proposed maturity model. Most published maturity models are only based on practices and success factors from projects that showed good results in an organization or industry, but which lack a sound theoretical basis and methodology [35] . However, we can find studies that have dealt with the methodological approach in the maturity model develop. The maturity model methodology includes (in most of cases) the following phases: scope, design, populate, evaluate, deploy and maintain [8, 15, [36] [37] [38] [39] [40] [41] [42] .
The proposed maturity model has been developed according to these phases (Fig. 2) .
Scope: SECM-MM identification
The most significant decision in this phase involves the focus of the model. Focus refers to which domain the maturity model would be targeted and applied.
In this proposal the focus of the model is the Structural Elements of Coordination Mechanisms in the collaborative planning process.
Design: SECM-MM elaboration
The design of the model incorporates the needs of the intended audience and how these needs will be met. The needs of the intended audience are reflected in why they seek to apply the model, how the model can be applied to varying organizational structures, who needs to be involved in applying the model and what can be achieved through application of the model [36] .
According to the maturity meta-model defined in Fig. 1 , we have defined the key areas or domains to be assessed and the maturity level for each key area or domain. As it said before, the origin of the model refers to the area to which the model is addressed, in this case we propose a MM for the Structural Elements of Coordination Mechanisms in the collaborative planning process. The domains or key areas correspond to the structural elements defined in Section 3.
In this particular case, the maturity model is necessary because of the impact the coordination mechanisms on the collaborative planning process (why), the model design strikes an appropriate balance between the complex reality and model simplicity therefore the model can be applied to different organizational structures and it can involve internal and external members of the organization (how and who). The proposed maturity model follows the common design principle to represent maturity as a number of cumulative stages where higher stages build on the requirements of lower stages with 5 (optimized) representing high maturity and 1 (initial) low (what).
According to [36] it is important that the final stages are distinct and well-defined, and a logical progression through stages. Stage or levels definitions should be developed to expand stage names and provide a summary of the major requirements and measures of the stage, especially those aspects that are new to the stage and not included as elements of lower stages. Table 2 describes the different maturity levels, and Table 3 summarizes the characteristics of the MM.
Populate: SECM-MM construction
In this phase it is necessary to identify in detail what needs to be measured in the maturity assessment and how this can be measured. The goal is to collect all relevant criteria that are necessary for the assessment of the specific domain. They should be mutually exclusive and collectively exhaustive to cover all important aspects without distorting the results by redundant or overlapping components. As established methods, [36, 43] , list a number of research approaches that can serve as identification tools. These are e.g. literature research, Delphi studies, case studies, focus groups or interviews, documents, questionnaires.
In this proposal the starting point was the literature review giving as a result several questions that help to identify what and how assesses the level of maturity for each key area. Table 4 shows the questions derived from the literature review.
Starting from the definition of the maturity levels (Table 2 ) and the questions derived from the literature (Table 4) , the assessment matrix was completed.
The proposed MM (Table 5 ) includes the best practices to be carried out on CP that must be implemented to achieve the maximum level of maturity in the domains or key areas defined. For example, in the key area ''number of decision makers'' the best situation corresponds to the higher maturity level and it will be reached when all members in the supply chain identify their decision-makers for all their supply chain tiers and mediators. Until this objective is achieved, the supply chain passes through different states to improve their decision-makers identification, each one of these states corresponds to previous maturity levels and they guide the companies in the correct path. A similar interpretation can be applied to the remaining key areas.
Deploy: SECM-MM Implementation
This phase includes issues such as initial organizational application and can consider the design collaborators as primary respondents. This is the first step in determining the critical issue of model generalisability and can lead to general acceptance of the model [36] . The existing literature has been centered mainly in the previous phase instead of the maturity model deployment or validating [45] .
In order to accomplish the evaluation process through MMs in this phase, a methodology is proposed (Fig. 3) . This methodology can be applied in other MMs, not only in the maturity model proposed in this paper. The methodology phases have been defined according to Ref. [6, 9, 46] .
In phase 1, establishing teams and assigning the key areas to each team identifies the organization cells (including persons and/or teams) involved in the assessing process. Each one of these organization cells can be responsible for the evaluation of one or more key areas. Once the assignation is done the maturity assessment will begin (Phase 2). At the end of this phase the organization cells share and analyze the results and propose improvement plans (Phase 3). The application of these The majority of the information required and the process of the exchange information have been identified or defined. The majority of decision makers and sequence of decision have been identified in the collaborative process. Level 4: Managed Once the required information has been completely defined it is used and accepted between all the members. Level 5: Optimized
The extent of definition, use and satisfaction reach the higher level between all the members in the collaborative process. The beginning and sequence of decision has not been defined
The beginning and sequence of decision has been defined for some of the coordination mechanisms
The beginning and sequence of decision has been defined for all the coordination mechanisms
The beginning and sequence of decision has been defined and are used for all SC members
The beginning and sequence of decision has been defined, are used and satisfy all SC members
Stopping criteria
The stopping criteria has not been defined
The stopping criteria has been defined for some of the coordination mechanisms
The stopping criteria has been defined for all the coordination mechanisms
The stopping criteria has been defined and are used for all SC members
The stopping criteria has been defined, are used and satisfy all SC members improvement plans in phase 4 is the start point to do a new assessment (phase 2). Phase 1, 2 y 3 can be enhanced through the intensive use of technology, such as collective intelligence [47, 48] and on-line interview [49] . Collective intelligence is broadly defined as a group of individuals doing things collectively that seem intelligent [48] . Collective intelligence involves groups of individuals collaborating to create synergy, something greater than each individual part [50] . A type of collective intelligence is crowdsourcing. Crowdsourcing is defined by Howe [51] as ''the act of taking a job traditionally performed by a designated agent (usually an employee) and outsourcing it to an undefined, generally large group of people in the form of an open call. However, mechanisms also need to be in place to protect against competition sabotaging the crowd system [48] . Sometimes relying on the crowd may not be appropriate for all actions, or all tasks. Therefore, systems that leverage the crowd for creation decisions should ensure that the final decision passes through a governing body [48] . According to Salmons [49] online interview is typically categorized according to the ability to send, received, and respond to messages at the same time, synchronous communication, or at different times, asynchronous communication. Asynchronous methods offer highquality exchanges that result when participants have a chance to think about the response, or gain new experiences between questions [52] . The communication options for preparation, interviews, and follow ups with participants can be classified into two groups text and multichannel [49] . Table 6 shows examples of these communication options.
The proposed methodology is related to the previous one ( Fig. 2) with different deployments of the same maturity model, for example on different sectors or parts of the company (Fig. 4) .
Maintain: SECM-MM evaluation and maintain
The goal of this phase is related to the resources necessary to maintain the model's growth and use [36] . According to Helgesson et al. [53] in the assessment the objective is to understand and improve the assessment process and in the evaluation the objective is to understand and improve the maturity model in any develop phase. For example, if a model is made available via a web-interface, resources will be required over time to ensure the interface is updated to reflect changes in the underlying assessment tools. If software is developed to make the model available to consultants for third-party assisted application, software developers will need to update versions to reflect changes in the domain and technology.
In this sense, the different aspects that could be taken into account in this phase are for example:
-To promote the adaptability of the model to the required changes. -To guarantee reporting and information exchange. -To guarantee flexibility for growth, by incorporating key new areas or integration into another maturity model. -To facilitate export and import of the maturity model (both structure and implementation).
Implementation the SECM-MM to a ceramic tile company
With the aim of validating the proposed model an implementation has been developed over a ceramic tile company. Fig. 4 . Relationship between maturity model development and maturity model deployment.
Context
The MM developed in this work has been verified in a Spanish ceramic SC. The Spanish ceramic industry is one of the most important at both national and international levels. In 2009, Spanish production accounted for 37% of EU production [54] . One of the main features of the Spanish ceramic industry is the high concentration of industry in the province of Castelló n (East Spain). The average production of a company in Castelló n is 3 million m 2 /year and outside this province is approximately 700,000 m 2 /year. Globalisation, growing pressure from distant ceramic industries like those in China, and changing consumer trends, make customer satisfaction one of the keys to the successful future of the ceramic sector [55] . One of the key processes to full customer satisfaction is to prepare the SC to meet future customer demand in advance by means of correctly predicting this SC's demand and planning. Furthermore, cost minimization becomes a particularly relevant target to increase or maintain gross margins, especially in situations like the current economic crisis, in which an increase in income seems an almost impossible goal. The main contribution of this application is to show that a MM for a ceramic SC supported by this proposal makes possible to achieve a higher level in the MM of SECM The result is the maturity assessment for a Spanish ceramic SC, and the identification of those crucial aspects for the key areas.
Problem description
This case study involves a Spanish Industrial Group (IG) based in the province of Castelló n, dedicated to the design, manufacture, marketing and distribution of white clay-based and red clay-based (glazed) ceramic flooring (technical porcelain and glazed porcelain stoneware), and white clay-based (glazed) and red clay-based (glazed) ceramic coverings since 1975. The IG has over 550 employees. It is composed of different companies which are involved in manufacturing and distributing ceramic products (with two separate and different brands) and bathroom accessories.
The company is made up of three production plants, a central warehouse and 28 selling points. Orders are prepared in the central warehouse to be dispatched and delivered to the selling points in accordance with each selling point's orders. The three production plants employ an ERP and other applications. In some cases, communication among the various participants takes place through the application shared, and across the network in other cases [56] .
The logistics model of this SC can be considered multisupplier, multi-plant, multi-type-multilevel distribution centres, multi-item and multi-period [57] . At the production stage, there are several production plants that manufacture a broad catalogue of finished goods. There are finished goods with high added value that are manufactured only in production plants; others may be partly subcontracted, while some may be totally subcontracted to external suppliers (normally products with low added value). These production plants are supplied with various raw materials from different suppliers with limited supply capacity. This represents the total capacity of the supplier assigned to the SC under study because it is assumed that raw material suppliers may supply production plants belonging to other SC. The distribution of several finished goods (multi-item) from production plants to end customers is carried out in various stages (multi-level) by different types of distribution. Neither manufactured nor subcontracted finished goods can be stored in manufacturing plants. So they are sent to the first distribution level, which is made up of a number of central warehouses with limited storage capacity. Outgoing finished goods from central warehouses are designed to not only cover the demand of certain end customers (for instance, independent distributors that do not belong to the firm, construction firms, etc.), but to also supply logistics centres. Logistics centres supply finished goods to shops that have been previously assigned to them. Finally, shops, which do not have storage capacity, attend to end customers' demands. Each production plant follows a Make-ToStock strategy and it can be classified as a hybrid flow shop composed of several stages (presses-glazing lines, kilns and sorting-packing) uncoupled by buffers with limited storage capacity. Each stage is integrated by similar machines and different finished goods can be processed by each machine at each stage. Kilns represent the bottleneck section and, due to their high energy consumption and cost, the decisions related with the activation/deactivation of kilns are crucial to minimize costs. The sorting-packing section always has excess capacity and does not represent any critical resource. Changeovers from one product family to the next incur setup costs owing to the time spent in changing, for instance, moulds. These setups are especially relevant on presses-glazing lines. To minimize setup times and costs, and for commercial reasons, finished goods are grouped into product families. A product family is defined as a group of finished goods of identical use (flooring or coverings), format (size), grout (white or red), and whose preparation on production lines is similar [34] .
In this sense, it is necessary to implement and evaluate the coordination mechanisms that link the network members' plans characterized through structural elements.
Methodology
The methodology proposed in Section 4.4 will be followed in order to apply the MM to assess practices that correspond to each maturity level.
Phase 1: establishing teams and assigning the key area to each team
The CP process is mainly concerned with the operational and tactical levels. In this case study was identified seven nodes along the process: suppliers (two nodes) which represent the supplier of glazes, one of the principal raw materials of ceramics products (tiles) and clay, manufacturing/assembly (three nodes) represent the three factories/plants. Each plant produces a specific type of products; for instance, the ceramic floor products of the catalogue's main brand; tiles for the industrial group catalogue and the ceramic products for the second brand catalogue. All the production plants can send the finished goods to the two warehouses (Wh1, Wh2) that are assigned to the distribution stage (two nodes) (Fig. 5) .
Multidisciplinary teams were established with the aim of generating synergy. Each one corresponds to an organization cell with established objectives and responsibilities. The organization cells were in charge of the maturity assessment of all key areas. In order to facilitate the understanding of the model and its reliability, the composition of the organization cells were formed by experts in the node and the designers of the maturity model (in this case the paper authors). It was not considered rely on the crowd the maturity assessment, due to the characteristics of the process to be evaluated.
It was also necessary to establish an evaluation team that gathers the information, solves disagreement and is responsible for the final evaluation. It is not represented in Fig. 6 because is made up for a selection of different members belonging to different nodes.
The composition of the teams was as follows (Table 7) . 
Phase 2: maturity assessment
The maturity assessment process followed was: (1) each one of the structural element or key area was assessed individually by a member of the team (organization cell) to determine the level of maturity; (2) the evaluation team's decisions were discussed and agreed in a final assessment level for each key area. The process was developed through interviews and online interviews (e-mail and videoconferencing). Fig. 7 shows the result of the maturity assessment at this phase.
Phase 3: analysis of results and improvements proposal
In this phase the discussions were extremely valuable in understanding both the current state of the maturity and how they could proceed to improve it. The organization cells used the next levels of maturity as a roadmap to identify what to do next in order to obtain the highest maturity level.
The improvements proposals were
To define the implementation goals, deadlines and responsibilities.
To adapt plans of supply chain members at various levels of a planning hierarchy, adapting individual plans in an effort of joint decision making. To define alignment plans in level and detail, defining aspects of negotiations for aligning operations.
To encourage the willingness to cooperate and to contribute to the generation of a plan that will be accepted by the SC members. To define interdependence relationships between different entities forming the SC, as well as the information exchanged.
To establish a protocol for consistent communication.
To improve the identification the stopping criteria and to establish specific factors that allow supply chain nodes to support their own decision-making processes and to assess when the negotiation process must continue or stop.
These improvement proposals help to enhance the distribution of decision-makers along de supply chain, the degree of interest in decision makers performance, as well as the coordination mechanism definition and stopping criteria.
Phase 4: application of the improvement proposals
In order to increase the maturity level obtained in phase 2, the improvements proposals were applied over the structural elements in the collaborative planning process. The implementation of improvements and follow-up was conducted for six months; eventually it proceeded to a reassessment of maturity levels (back to phase two). Fig. 8 shows the maturity assessment in a second evaluation.
Results
After three evaluations we can observe the following results. In the Key area 1, define the number of decision makers, the result (after the first evaluation) was that some SC members had identified some of their decision-makers, after the proposed improvements, all SC members had identified their decision-makers, however not for all tiers and mediators, so that the maturity level reached was ''Level 3''. In the third evaluation was improved but did not reach either to all tiers nor Fig. 7 . Maturity assessments in a first evaluation. mediators, perhaps due to the complexity of relationships in this company.
The collaboration level (Key area 2) and Relationships Interdependence nature (Key area 4) had achieved ''Level 5'', perhaps in part, because the starting point in the first assessment was higher.
Highlights the result of Stopping criteria of the coordination mechanism (Key area 9) that starting from ''Level 1'' quickly reached the maturity ''Level 5'', this is because even from a situation in which the stopping criteria had not been defined, when it was, it was defined for all the coordination mechanism and with the suitable improvement proposal it was used and satisfied all SC members.
Key areas 5 and 6 (number of coordination mechanisms and Information exchanged) had a similar behaviour which may suggest that the definition and choice of the number of coordination mechanisms can be related to the information exchanged.
Regarding the Information Exchanged (Key area 6) in the first evaluation some participants shared information but had not yet been clearly established all the information needs of the collaborative planning process (''Level 1''), in some cases it had been defined the processing of the exchange information in key area 7 (Level 2).
The interdependence relationships nature (Key area 3) had a slow increase from ''Level 1'' where the sharing of power between SC decision makers had not been defined to ''Level 3'' where all SC members had identified their piece of power. At this moment the company is carrying out the activities needed to reach ''Level 5'' where the interdependence relationships are clearly known and satisfying for all SC members.
Finally the Key area 8, decision sequence characteristics, reached the ''Level 4'' (The beginning and sequence of decision has been defined and are used for all SC members) and it is in progress to achieve satisfying all SC members. Table 8 and Fig. 9 show the evolution of the maturity assessment in the SC along three evaluations. 
Findings
This section puts forward the findings obtained with the development and deployment of the proposed maturity model. The proposed maturity model followed a methodological approach that conducted and helped its development. This also make possible the comparison with other maturity models and identifying differences to related maturity models of the same or similar application domain. Once identified the scope of the model, one of the most important aspect was to define what needs to be measured in the maturity assessment and how this can be measured. The design process of the maturity model, the basic information and their relationships were documented and communicated in a way understandable for the people who applied the maturity model and those to whom results are reported. It is important to remark that the model could be extended including new domains or key areas to be evaluated.
The maturity model informs about the current maturity situation of the structural elements of the coordination mechanism in the collaborative planning process and provides a set of actions to improve it. The case study offers evidence that the assessment was very valuable by all the participants in the study. In some cases the assessment identified problems that were already known by some of the participants, however the assessment allowed to bring together all stakeholders in characterization of coordination mechanism with a clear summary of the strengths and weaknesses of the organization in this area.
In general the maturity model was well accepted; although sometimes the people involved in the evaluation process mentioned the necessity of adapt some capability associated to a maturity level in a determinate structural element. In this sense the maturity model should provide advice on how to adapt or configure the criteria according to different situational characteristics.
Another important aspect was the information processing. In part, the maturity model utility is based on the information processing and generated analysis. In order to provide flexibility to develop and deploy the maturity model, the collection, processing and reporting must be agile, as well as the maintenance e.g. by adding new key areas to be evaluated. In that context, we consider necessary to develop a software tool that allows on one hand the development and adaptation of generic maturity models and on the other hand allowing its implementation.
Conclusions and future research lines
Maturity models have been confirmed as an important tool for allowing a better understanding of the organization situation and help them to find the best way for change. The characterization of the main MMs on different areas has allowed their revision and identifying the need for SECM-MM. In this paper, SECM have been defined as key areas to be assessed by MM application. Each maturity level associated to each structural element corresponds to a key practice to be used. This proposal has been developed and guided by the need to enhance coordination mechanisms on the CP process. The MM proposed provide a framework to define, (1) the basic and essential features for establishing SECM, (2) an understanding of the key practices that need to be fully embedded and developed within the organization to achieve collaboration improvement and (3) a mechanism to help identify risks and issues that need to manage. The MM allows identifying the state on a CP process. It can be used in two aspects: (1) Historical evolution: It can be use to follow the historical evolution of the collaboration planning process and (2) Benchmarking: It can be used to compare mature model among other collaboration planning process (for instance: in other SC or the CP of other products). The application methodology guides the organizations to apply the maturity model in a structured way, identifying the organizations cells or teams in charge of assess the domain or key areas according to the best practices defined in the MM and the steps to be followed. The validation through a case study has allowed providing an example of deployment and demonstrating its utility in a real supply chain.
A future research line can be the analysis of dependencies between the SECM and if they can influence in the maturity assessment. On the other hand, following the application methodology proposed, the SECM-MM can be applied in other supply chains. Moreover the proposal can be incorporated into another maturity model with the same origin (collaborative planning process). Dr. Jos J.M. Trienekens is an Associate Professor at TU/e Eindhoven (University of Technology -Eindhoven) in the area of software systems development. He studied Civil Engineering at The University of Technology in Delft. He obtained in 1994 a PhD. in software product quality at Eindhoven University of Technology. His current research interests include software process improvement, software quality and software metrics. He also addresses business performance aspects in his research. He is an associate member of the research school BETA at TU/e that focuses at operations management issues. Jos Trienekens published over the last ten years various books, papers in international journals and conference proceedings.
